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6) Yano, T. and T. Aratani: Seigyo Kogaku, 12, 18 (1968 The removal of sulfur dioxide from gas mixtures by contacting the gases with an aqueous alkaline solution is an important industrial absorption process for control of air pollution. In a previous paper3), we reported results of the study of the absorption of sulfur dioxide in aqueous sodium hydroxide and sodium sulfite solutions. In the present work, the kinetics of absorption of sulfur dioxide into aqueous ammonia and ammoniumsulfite solutions was studied.
Chemical Absorption Mechanism
When sulfur dioxide is absorbed into aqueous ammoniasolutions, the following two reactions may take place in the liquid phase:
The values of the equilibrium constants for reactions (1) and (2), Kx and K2, are 3.1xlO7 and 1.1xlO2, respectively, at 25°C and at infinite dilution. Reaction (1) may be considered to be very fast. Reaction
(2) has a very muchhigher rate constant than reaction (1), since it is a proton transfer reaction. Thus, both
reactions (1) and (2) followed by reaction (2). Thus, the overall reaction is SO2+2NH3+H2O > 2NH++SO23-(3) In aqueous ammoniumsulfite solutions, ammonia is formed according to the instantaneous reversible reaction NHf+SOi"^± NH3+HSO3-(4) which is the reverse reaction of(2). Thus, the overall reaction in this case is SO2+SOr +H2O > 2HSO3-(5) Therefore, the reactions which affect the rate of absorption of sulfur dioxide into aqueous solutions of ammonia and ammoniumsulfite are reaction (2) and the forward part of reaction (1).
As described above, the values of Kx and K2, and their ratio KJK2 (which is equal to 2.8 x 105) are very large. Therefore, the chemical absorption theory
proposed by Hikita et al.1] for absorption accompanied by a two-step instantaneous reaction maybe applicable to the present system. According to the theory, the concentration profiles of each species for the SO2-NH3 and SO2-SO3~systems will be similar to those shown in Figs. 1 (a) and 1 (b). In the case of the SO2-NH3system, the two-reaction plane model is applicable and the irreversible reactions (5) and (2) maytake place at the first and second represented by
The reaction factor /3 can be obtained from Eqs. (9) to (ll) given in the previous paper3}.
In the case of the SCVSO^" system, only the irreversible reaction (5) may occur at the single reaction plane. In this case, the reaction factor is obtained from Eqs. (9) and (14) given in the previous paper3}.
Experimental
Absorption experiments were carried out with a liquid jet column which was the same as that used by Hikita et al.'d) . The exposure time of the liquid to the gas was varied from 0.0008 to 0.017 sec. Absorption rate was determined by means of a soap-film meter. All the experiments were conducted at atmospheric pressure and at 25°C. The gas phase was pure sulfur dioxide saturated with water vapor, and the absorbents used were aqueous solutions of ammonia and ammoniumsulfite. Someexperimental runs were carried out using the absorbents with 0.05 vol% of a surface-active agent, Emulgen 147 or Scourol 450 (Kao-Atlas Co.), to check for the existence of interfacial turbulence in the present systems.
The compositions of the solutions are shown in Tables 1 and 2. 3. Results and Discussion
Results
Experimental results are presented as log-log plots of the average absorption rate NAof sulfur dioxide This implies that the absorption of sulfur dioxide into is accompaniedby an instantaneous reaction between the dissolved sulfur dioxide and ammoniaor ammoniumsulfite. The effect of the addition of surfaceactive agents was studied only for the cases of 2.0 gmol// ammonia solution and of 2.09 g-mol// ammonium sulfite solution containing 2.32 g-mol// ammoniumbisulfite, and it was found that the rates of absorption into the solutions with and without surfaceactive agents were the same in each case. This means that inter facial turbulence is absent in these systems.
2 Analysis of experimental results
To analyze the experimental results it is necessary to knowthe values of the physical properties of the present systems, such as Ai9 DA, DB, Dc, DE, etc.
These values were predicted by methods similar to those employed for the SO2-NaOH and SO2-Na2SO3 systems in the previous work3). Details of the methods of predicting the physical properties are given elsewhere4). In Tables 1 and 2 the predicted values of the physical properties are listed. calculated from the theoretical equations for absorption accompanied by instantaneous irreversible reaction given by reaction (5). As can be seen in this figure, the observed values of /3, /30bs, agree well with the theoretical predictions, /Scal, with an average deviation of 4.9 %.
Conclusion
The absorption of sulfur dioxide into aqueous ammonia solutions is accompanied by a two-step instantaneous reaction between the dissolved sulfur dioxide and ammonia in the solution, and the absorption rate data agree well with theoretical predictions based on the two-reaction plane model. (1) and (2) [-] NA -average absorption rate of sulfur dioxide [g-mol/ 
